(19) 



J 



Europaisches Pat ntamt 
European Pat nt Offic 
Office uropeen d s br vets 



(12) 



(45) Dat of publication and mention 
of the grant of the patent: 
05.01.2000 Bulletin 2000/01 

(21) Application number: 92307018.9 

(22) Date of filing: 30.07.1992 



(H) EP 0 526 244 B1 

EUROPEAN PATENT SPECIFICATION 

(51) IntCU: H01L 21/74 



(54) Method of forming a polysilicon buried contact 

Verfahren zur Herstellung eines vergrabenen Kontaktes aus Polysilizium 
Procede de formation d'un contact enterre en silicium polycristallin 



m 

CM 
CO 
CM 
IO 

o 

Q. 
LU 



(84) Designated Contracting States: 
DE FR GB IT 

(30) Priority: 31.07.1991 US 738474 

(43) Date of publication of application: 
03.02.1993 Bulletin 1993/05 

(60) Divisional application: 98201812.9 / 0 877 420 

(73) Proprietor: STMicroelectronics, Inc. 
Carrollton, TX 75006-5039 (US) 

(72) Inventor: Kalnitsky, Alexander 
Dallas, Texas 75248 (US) 

(74) Representative: Palmer, Roger et al 
PAGE, WHITE & FARRER 

54 Doughty Street 
London WC1N 2LS (GB) 



(56) References cited: 
EP-A- 0 209 794 
US-A-4187 602 
US-A- 4 657 628 



US-A- 4 033 026 
US-A- 4 413 402 



• IBM TECHNICAL DISCLOSURE BULLETIN, vol. 
25, no. 8, January 1983, NEW YORK US pages 
4425 - 4426 R. C. DOCKERTY 

• IBM TECHNICAL DISCLOSURE BULLETIN, vol. 
25, no. 8, January 1983, NEW YORK US pages 
4067 - 4068 A. EDENFELD ET AL 

• HEWLETT-PACKARD JOURNAL vol. 33, no. 10, 
October 1982, AMSTELVEEN NL pages 21 - 27 
HORNG-SEN FU ET AL 

• IBM TECHNICAL DISCLOSURE BULLETIN, vol. 
24, no. 7B, December 1 981 , NEW YORK US pages 
3696 - 3697 G. J. HU ET AL 

• PHILIPS JOURNAL OF RESEARCH vol. 44, no. 
2/3, 28 July 1989, EINDHOVEN NL pages 257 - 
291 K. OSINSKI ETAL 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FH) 



1 



EP 0 526 244 B1 



2 



Description 

[0001] The present invention relates generally to 
semiconductor integrated circuit proc ssing, and mor 
specifically to a method of forming a polysilicon buried 5 
contact. 

[0002] To create a transistor, a polysilicon layer is de- 
posited on top of a thin oxide layer. To form a resistor, a 
polysilicon layer is deposited on a field oxide layer. Both 
of these semiconductor devices may be made from the 
same polysilicon layer during the same process steps. 
The polysilicon layer, however, must be electrically iso- 
lated from the silicon substrate in order for these devices 
to operate. A buried contact may also be made from the 
same polysilicon layer as the gate electrode of a tran- 
sistor and a resistor. The buried contact, however, re- 
quires an electrical connection between the polysilicon 
layer and the silicon substrate, generally where polysil- 
icon and diffusion wires interconnect. 
[0003] In the case of the buried contact, an opening 
is made in the oxide layer overlying the silicon substrate 
to expose a portion of the silicon. If a split polysilicon 
layer, or two polysilicon layers, are used to form the gate 
electrodes and resistors, the second polysilicon layer 
may be used to form the buried contacts. 
[0004] IBM Technical Disclosure Bulletin, Vol. 25, No. 
8, January 1983, pp.4425-26 discloses a buried contact/ 
depletion device process which eliminates possible con- 
tamination of the gate silicon dioxide dielectric by the 
resist layer in the depletion device. This process incudes 
the steps recited in the pre-characterizing portion of 
claim 1 and provides a structure having the features of 
the pre-characterizing portion of claims 22 and 23. 
[0005] Hewlett-Packard Journal, vol. 33, No. 10, pp. 
21-27, 1982, discloses other method of forming buried 
contacts. 

[0006] IBM Technical Disclosure Bulletin, Vol. 25, No. 
8, January 1983, pp.4067-68 discloses a process for 
fabricating buried contacts in which palladium silicide is 
formed in the upper surface of the buried diffusion region 
so as to provide a contact having more uniform charac- 
teristics. 

[0007] A split polysilicon process is generally used in 
SRAM applications. After the formation of a field oxide 
layer in the case of a resistor or diode, and a gate oxide 
layer in the case of a gate electrode, the first amorphous 
or polysilicon layer is deposited. The buried contact 
openings to the silicon substrate are patterned, etched 
and doped, if necessary. The second amorphous or 
polysilicon layer is then deposited, patterned and etched 
to form the upper portion of the split polysilicon of the 
gate electrodes and resistors as well as the buried con- 
tact in the contact opening which connects directly to 
the silicon substrate. 

[0008] During the gate electrode and resistor split 
polysilicon etch, both amorphous silicon or polysilicon 
layers are etched over the gate oxide and field oxide 
regions. With the buried contact, however, since the 



second amorphous or polysilicon layer forms the con- 
tact, only the second layer is etched during the etch step 
since the first layer has been removed previously. The 
thickness of the second polysilicon layer is obviously 
less than the thickness of the total split polysilicon stack 
forming the gate electrodes or resistors from the first and 
s cond polysilicon layers. In other words, the distance 
to etch the second polysilicon layer from the top of the 
resistors to the substrate is substantially less than the 
distance to etch the layer from the top of the gate elec- 
trode or resistor to the gate oxide or the field oxide.. 
[0009] At the location of the buried contact, there is 
no natural etch stop at the surface of the substrate such 
as oxide. In order to completely dry etch the gate elec- 
trodes and resistors, an overetching situation occurs 
while etching the buried contact due to the lesser height 
of polysilicon over the buried contact in relation to the 
height of the gates and resistors. This overetching con- 
dition results in an undesirable trenching of the silicon 
substrate. The depth of the trench is a function of the 
relative thicknesses of the first and second split polysil- 
icon layers, as well as the surface topography. These 
factors dictate the amount of overetch required to clear 
the polysilicon away from the edge of the active areas 
around the gate and resistor devices. 
[0010] In order to prevent the trenches from forming 
in the substrate during the dry etch process of the sec- 
ond split polysilicon layer, the present invention uses an 
etch stop layer disposed over the silicon substrate. This 
additional layer will act as an etch stop in any subse- 
quent polysilicon etch to prevent trenching the silicon 
substrate around the buried contact area. This layer will 
also improve the contact resistance between the buried 
contact and the substrate. 

[0011 ] The invention may be incorporated into a meth- 
od according to claim 1 for forming a semiconductor de- 
vice structure, and the semiconductor device structure 
formed thereby, by forming a buried contact. 
[0012] According to the present invention there is pro- 
vided a. method of forming a buried contact of an inte- 
grated circuit comprising the steps of: forming an oxide 
layer on a substrate; forming a first silicon layer over the 
oxide layer; forming and patterning a first photoresist 
layer over the first silicon layer; etching the first silicon 
layer to form an opening therethrough which exposes a 
portion of the oxide layer; wherein an edge is formed in 
the first silicon layer; etching the oxide layer through the 
opening to expose a portion of the underlying substrate; 
depositing a conductive etch stop layer over the ex- 
posed portion of the substrate and the first photoresist 
layer; wherein the edge of the first silicon layer is cov- 
ered by the conductive etch stop layer; removing the first 
photoresist layer and the portion of the etch stop layer 
disposed over the first photoresist layer; forming a sec- 
ond silicon layer over the first silicon layer and the re- 
maining conductive etch stop layer; and etching the first 
and second silicon layers to expose a portion of the con- 
ductive etch stop layer and to form a conductive struc- 
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tur contacting th xposed portion of the substrate 
through the conductive etch stop layer. 
[0013] The novel features believed characteristic of 
the invention are set forth in the appended claims. The 
invention itself, however, as well as a preferred mod of s 
use, and further objects and advantages thereof, will 
best be understood by referenc to the following de- 
tailed description of illustrative embodiments when read 
in conjunction with the accompanying drawings, where- 
in: 

[001 4] Fig ures 1 -4 and 6 are cross-sectional views of 
the fabrication of a semiconductor device structure ac- 
cording to the present invention. 
[0015] Figure 5 is a top plan view of a portion of a 
semiconductor device structure according to the 
present invention. 

[0016] The process steps and structures described 
below do not form a complete process flow for manu- 
facturing integrated circuits. The present invention can 
be practiced in conjunction with integrated circuit fabri- 
cation techniques currently used in the art, and only so 
much of the commonly practiced process steps are in- 
cluded as are necessary for an understanding of the 
present invention. The figures representing cross-sec- 
tions of portions of an integrated circuit during fabrica- 
tion are not drawn to scale, but instead are drawn so as 
to illustrate the important features of the invention. 
[001 7] Referring to Figure 1 , an integrated circuit de- 
vice is to be formed in a silicon substrate 1 0. A field oxide 
layer 12 is formed over a portion of the substrate 10 by 
methods known in the art leaving an active region ex- 
posed. An oxide layer 14 is then formed over the ex- 
posed active region which is a portion of the substrate 
10 not covered by the field oxide 12. A first silicon layer 
1 6 is deposited over the oxide layer 14 and the field ox- 
ide layer 12. The first silicon layer may be amorphous 
silicon or polysilicon. Photoresist layer 1 8 is then formed 
and patterned, as known in the art, over the first silicon 
layer 16. 

[0018] Referring to Figure 2, the first silicon layer 16 
is etched to form an opening 20 to expose a portion of 
the oxide layer 14. The oxide layer 14 is then etched in 
the opening 20 to expose a portion of the substrate 10. 
At this stage, the substrate 10 may be doped through 
opening 20 to form an active layer 22 which is oppositely 
doped from the underlying substrate 10. Depending up- 
on the nature of the doping material used, the dopant 
may also penetrate the amorphous or polysilicon layer 
16 along each sidewall in opening 20. Before any sub- 
sequent deposition steps, an in-situ predeposition 
cleaning of any native oxide may need to be performed. 
[0019] A conductive etch stop layer 24, such as a re- 
fractory metal silicide, is deposited over the first pho- 
toresist layer 18 and the exposed portion of substrate 
1 0 in opening 20 by methods known in the art. The thick- 
ness of the etch stop layer will be typically between ap- 
proximately 100 and 1000 angstroms (10 angstroms = 
1 nm). The etch stop layer is deposited at a temperature 



which is low enough so that the first photoresist layer 1 8 
does not flow or decompose. The actual temperatur for 
deposition of the conductive etch stop layer will depend 
upon the chemical structure of the photoresist. 
[0020] Th conductive etch stop layer 24 may also be 
a refractory metal, refractory metal nitride or a compos- 
ite layer such as a refractory metal/refractory metal ni- 
tride, refractory metal/refractory metal silicide or refrac- 
tory metal nitride/refractory metal silicide. The conduc- 
tive etch stop layer will act as an etch stop for subse- 
quent etching processes as well as to reduce contact 
resistance. If a refractory metal or refractory metal ni- 
tride, for example, is used, the etch stop layer is an- 
nealed after the deposition process. Annealing, by rapid 
thermal annealing, will form a metal silicide in the inter- 
face between the substrate 1 0 and the conductive etch 
stop layer 24. Any refractory metal or refractory metal 
nitride remaining after the anneal step may be removed 
to clean the surface of the etch stop layer. 
[0021] Referring to Figure 3, the first photoresist layer 
1 8 is removed using a lift-off process as known in the 
art. During the lift-off process, the first photoresist layer 
1 8 and the portion of the etch stop layer 24 covering the 
first photoresist layer 18 are removed. 
[0022] A second silicon layer 26 is next deposited 
over the first silicon layer 16 and the remaining conduc- 
tive etch stop layer 24 by methods known in the art. Lay- 
er 26 may be comprised of amorphous silicon or poly- 
silicon. A second photoresist layer 28 is formed and pat- 
terned over the second polysilicon layer 26 as known in 
the art. At this stage, the second polysilicon layer 26 may 
be selectively doped by known methods to achieve the 
doping level required for the various devices to be made 
from this layer. 

[0023] Referring to Figure 4, the first and second sil- 
icon layers 16 and 26 are then etched to form a conduc- 
tive structure which contacts the exposed portion of the 
substrate 10 through the conductive etch stop layer 24. 
Lightly doped source/drain (LDD) regions 32 are formed 
in substrate 10. Oxide sidewall spacers 34 are then 
formed on the sidewalls of the first and second silicon 
layers 16 and 26. A heavily doped source/drain region 
36 is then formed by methods known in the art. As will 
be shown by the plan view in Figure 5, the first and sec- 
ond silicon layers 16 and 26 form a resistor 38 and a 
gate 40. Active layer 22 and the source/drain region 36 
connect outside the plane of the drawing as will be 
shown in Figure 5. 

[0024] Referring to Figure 5, the oxide layer 14 cov- 
ers the substrate 10 not covered by the field oxide 12 
except for the portion exposed in the opening 20. The 
oxide sidewall spacers 34 surround the resistor 38 and 
the gate 40. The conductive etch stop layer 24 is shown 
through the opening 20 and is continuous under resistor 
38. The etch stop layer 24 overlies the doped active lay- 
er 22 (shown in Figure 4) which connects to the source/ 
drain region 36 underlying the oxide layer 14. 
[0025] Figure 6 is a cross sectional view along the 
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line B-B as shown in the plan view of Figur 5. Opening 
20 shows the etch stop layer 24 as filling the opening 
20. Source/drain regions 36 underli theoxid layer 14 
except under the r sistor 38 and the gate 40 (not 
shown). The source/drain regions 36 and th active lay- 
er 22 are both formed in thos regions in the opening 
20 not covered by th resistor 38. This forms a contin- 
uous conductive region in the substrate 1 0, allowing the 
resistor 38 to connect to the source/drain region 36 of 
the gate 40. 

[0026] As will be understood by those skilled in the 
art, oxide layer 14 protects the underlying substrate 10 
during the etching of the gate 40 and resistor 38. How- 
ever, there is no oxide within the opening 20 to protect 
the underlying substrate. The etch stop layer 24 within 
the opening 20 protects the underlying substrate during 
the etch step which forms gate 40 and resistor 38. The 
etch stop layer prevents trenching of the substrate 10 
within the opening 20 which are not covered by the re- 
sistor 38. As will be appreciated by those skilled in the 
art, prevention of such trenching improves the quality of 
the buried contact. In addition to preventing trenching, 
the conductive etch stop layer 24 reduces contact re- 
sistance as known in the art. 
[0027] As will be appreciated by those skilled in the 
art, the process steps described above can be used with 
nearly any conventional process flow. 

Claims 

1 . A method of forming a buried contact of an integrat- 
ed circuit comprising the steps of: 

forming an oxide layer (14) on a substrate (10); 
forming a first silicon layer (16) over the oxide 
layer (14); 

forming and patterning a first photoresist layer 
(28) over the first silicon layer; 
etching the first silicon layer (16) to form an 
opening (20) therethrough which exposes a 
portion of the oxide layer; wherein an edge of 
said first silicon layer forms the sidewall of said 
opening ; 

etching the oxide layer through the opening to 
expose a portion of the underlying substrate 
(10); 

depositing a conductive etch stop layer (24) 

over the exposed portion of the substrate and 

the first photoresist layer (18); wherein the 

edge of the first silicon layer (16) is covered by 

the conductive etch stop layer; 

removing the first photoresist layer (1 8) and the 

portion of the etch stop layer (24) disposed over 

the first photoresist layer; 

forming a second silicon layer (26) over the first 

silicon layer (16) and the remaining conductive 

etch stop layer (24); and 



etching the first and second silicon layers 
(16,26) to expose a portion of the conductive 
etch stop layer within th opening (20) and to 
form a conductive structure contacting the ex- 
5 posed portion (1 0) of the substrate through the 

conductive etch stop layer (24). 

2. A method as claimed in claim 1 , comprising the step 
of forming a field oxide region (12) over a portion of 

10 the substrate (1 0) leaving an exposed active region, 
and wherein the oxide layer (1 4) is formed over the 
active region, and the first silicon layer (16) is 
formed over the oxide layer (14) and the field oxide 
region (12). 

15 

3. The method of claims 1 or 2, wherein each silicon 
layer is amorphous silicon. 

4. The method of claim 1 or 2, wherein each silicon 
20 layer is polysilicon. 

5. The method of any preceding claim, wherein the 
etch stop layer is a refractory metal silicide. 

25 6. The method of any of claims 1 to 4, wherein the etch 
stop layer is a refractory metal nitride. 

7. The method of claim 6, wherein the refractory metal 
nitride is annealed after the step of forming an etch 

30 stop layer to form a refractory metal silicide. 

8. The method of claim 7, wherein the annealing step 
is performed by rapid thermal annealing. 

35 9. The method of claim 7 or 8, wherein any refractory 
metal nitride remaining after the anneal step, is re- 
moved before the step of form ing a silicon layer over 
the etch stop layer. 

40 10. The method of any preceding claim, wherein the 
thickness of the etch stop layer is between approx- 
imately 10 and 100 nm (100 and 1000 angstroms). 

11. The method of any preceding claim, further com- 
45 prising the steps of: 

in-situ predeposition cleaning of a native ox- 
ide before the etch stop layer step. 

12. The method of any preceding claim, further corn- 
so prising the step of: 

cleaning the surface of the integrated circuit 
before the second silicon layer step. 

13. The method of any preceding claim, further com- 
55 prising the step of: selectively doping portions of the 

second silicon layer before etching the second sili- 
con layer step. 



4 



7 



EP 0 526 244 B1 



8 



14. The method of claim 2 or any of claims 3-13 when 
appended thereto, wherein the conductive structur 
extends to a resistor having a portion disposed over 
the field oxide region. 

15. The method of any preceding claim, wherein th 
conductive etch stop layer is deposited at a temper- 
ature low enough so that the first photoresist layer 
does not flow or decompose. 

16. The method of any preceding claim, further com- 
prising the step of: doping the exposed portion of 
the substrate before forming an etch stop layer step. 

17. The method of any preceding claim, comprising the 
step of selectively doping the second silicon layer 
before the etching of the second silicon layer. 

18. The method as claimed in any preceding claim, 
wherein the first silicon layer and the etch stop layer 
overlying the first silicon layer are removed by a 
photoresist lift-off process. 

19. A method as claimed in claim 2 or any one of the 
preceding claims when appended thereto, further 
comprising a gate disposed over the oxide layer. 



Patentanspruche 

1. Verfahren zur Ausbildung eines vergrabenen Kon- 
taktes einer integrierten Schaltung, das die Schritte 
aufweist: 

eine Oxidschicht (14) wird auf einem Substrat 
(10) ausgebildet; 

eine erste Siliziumschicht (16) wird uber der 
Oxidschicht (14) ausgebildet; 
eine erste Fotoresist- bzw. Fotolackschicht (28) 
wird uber der ersten Siliziumschicht ausgebil- 
det; 

die erste Siliziumschicht (16) wird geatzt, um 
eine Offnung (20) durch diese auszubilden, die 
einen Abschnitt der Oxidschicht freilegt; wobei 
eine Kante dieser ersten Siliziumschicht die 
Seitenwand der Offnung bildet; 
die Oxidschicht wird durch die Offnung geatzt, 
um einen Abschnitt des darunterliegenden 
Substrats freizulegen; 

eine leitende Atzstoppschicht (24) wird uber 
dem freigelegten Abschnitt des Substrats und 
der ersten Fotoresist- bzw. Fotolackschicht 
(18) abgeschieden; wobei die Kante der ersten 
Siliziumschicht (16) durch die leitende Atz- 
stoppschicht bedeckt ist; 
die erste Fotoresist- bzw. Fotolackschicht (18) 
und der Abschnitt der Atzstoppschicht (24), der 
uber der ersten Fotoresist- bzw. Fotolack- 



schicht angeordnet ist, werden entfernt; 
eine zweite Siliziumschicht (26) wird uber der 
ersten Siliziumschicht (1 6) und der verbleiben- 
den leitenden Atzstoppschicht (24) ausgebil- 

5 det; und 

die erste und die zweit Siliziumschicht (16, 26) 
werden geatzt, um einen Abschnitt der leiten- 
den Atzstoppschicht innerhalb der Offnung (20) 
freizulegen und um eine leitende Struktur zu bil- 

10 den, die den freigelegten Abschnitt (10) des 

Substrats uber die leitende Atzstoppschicht 
(24) kontaktiert. 

2. Verfahren nach Anspruch 1 , das den Schritt auf- 
15 weist, daB ein Feldoxidbereich (12) uber einem Ab- 
schnitt des Substrats (10) ausgebildet wird, wobei 
ein freigelegter aktiver Bereich gelassen wird, und 
wobei die Oxidschicht (14) uber dem aktiven Be- 
reich ausgebildet wird, und die erste Siliziumschicht 

20 (16) uber der Oxidschicht (14) und dem Feldoxid- 
bereich (12) ausgebildet wird. 

3. Verfahren nach Anspruch 1 Oder 2, wobei jede Si- 
liziumschicht aus amorphem Silizium ist. 

25 

4. Verfahren nach Anspruch 1 Oder 2, wobei jede Si- 
liziumschicht Polysilizium ist. 

5. Verfahren nach einem der voranstehenden Ansprii- 
30 che, wobei die Atzstoppschicht ein hochbelastba- 

res bzw. hochschmelzendes Metallsilizid ist. 

6. Verfahren nach einem der Anspruche 1 bis 4, wobei 
die Atzstoppschicht ein hochbelastbares bzw. 

35 hochschmelzendes Metallnitrid ist. 

7. Verfahren nach Anspruch 6, wobei das hochbelast- 
bare bzw. hochschmelzende Metallnitrid nach dem 
Schritt zur Ausbildung einer Atzstoppschicht ge- 

io gluht bzw. getempert wird, um ein hochbelastbares 
bzw. hochschmelzendes Metallsilizid zu bilden. 

8. Verfahren nach Anspruch 7, wobei der Tempe- 
rungs- bzw. Gluhschritt durch schnelles thermi- 

45 sches Tempern bzw. Gluhen durchgefuhrt wird. 

9. Verfahren nach einem der Anspruche 7 oder 8, wo- 
bei irgendein hochschmelzendes bzw. hochbelast- 
bares Metallnitrid, das nach dem Gluh- bzw. Tem- 

50 perungsschritt zuruckbleibt, vor dem Schritt zur 
Ausbildung einer Siliziumschicht uber der Atzstopp- 
schicht entfernt wird. 

10. Verfahren nach einem der voranstehenden Anspru- 
55 che, wobei die Dicke der Atzstoppschicht zwischen 

naherungsweise 10 und 100 nm (100 bis 1000 
Angstrom) liegt. 
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11 . Verfahren nach einem der voranstehenden Anspru- 
che, das ferner die Schritte aufweist: 

eine in-situ-Vorabscheidungsreinigung eines 
ursprunglichen Oxids vor dem Schritt fur die Atz- 
stoppschicht. 

1 2. Verfahren nach einem der voranstehenden Anspru- 
che, das ferner den Schritt aufweist: 

die Oberflache der integrierten Schaltung 
wird vor dem Schritt fur die zweite Siliziumschicht 
gereinigt. 

1 3. Verfahren nach einem der voranstehenden Anspru- 
che, das ferner den Schritt aufweist: Abschnitt der 
zweiten Siliziumschicht werden vor dem Atzen des 
zweiten Siliziumschichtschrittes selektiv dotiert. 

1 4. Verfahren nach Anspruch 2 oder einem der Anspru- 
che 3 bis 13, wenn sie von diesen abhangen, wobei 
sich die leitende Struktur zu einem Widerstand er- 
streckt, der einen Abschnitt aufweist, der uber dem 
Feldoxidbereich angeordnet ist. 

1 5. Verfahren nach einem der voranstehenden Anspru- 
che, wobei die leitende Atzstoppschicht bei einer 
Temperatur abgelagert wird, die niedrig genug ist, 
so dal3 die erste Fotoresistschicht nicht flieBt oder 
sich zersetzt. 

16. Verfahren nach einem der voranstehenden Anspru- 
che, das ferner den Schritt aufweist: der abgeschie- 
dene Abschnitt des Substrats wird dotiert, bevor ein 
Atzstoppschichtschritt gebildet wird. 

1 7. Verfahren nach einem der voranstehenden Anspru- 
che, das den Schritt aufweist, da(3 die zweite Silizi- 
umschicht selektiv vor dem Atzen der zweiten Sili- 
ziumschicht dotiert wird. 

1 8. Verfahren nach einem der voranstehenden Anspru- 
che, wobei die erste Siliziumschicht und die Atz- 
stoppschicht, die die erste Siliziumschicht Qber- 
deckt, durch einen Fotoresist- bzw. Fotolackabhe- 
beprozefi entfernt werden. 

19. Verfahren nach Anspruch 2 oder nach einem der 
voranstehenden Anspruche, wenn diese von die- 
sen abhangen, das ferner ein Gate aufweist, das 
uber der Oxidschicht angeordnet ist. 



Revendications 

1 . Procede de formation d'un contact enterre dans un 
circuit integre comprenant les etapes suivantes : 

former une couche d'oxyde (1 4) sur un substrat 
(10); 



former une premiere couche de silicium (16) 
sur la couche d'oxyde (14) ; 
former et graver une premiere couche de pro- 
duit photosensible (28) sur la premiere couche 

5 de silicium ; 

graver la premiere couche de silicium (16) pour 
former une ouverture (20) au travers et exposer 
une partie de la couche d'oxyde ; un bord de la 
premiere couche de silicium f ormant la paroi la- 

10 terale de Pouverture ; 

graver la couche d'oxyde a travers I'ouverture 
pour exposer une partie du substrat sous- 
jacent (10) ; 

deposer une couche d'arret de gravure conduc- 
15 trice (24) sur la partie exposee du substrat et la 

premiere couche de produit photosensible (18), 
le bord de la premiere couche de silicium (16) 
etant couvert de la couche d'arret de gravure 
conductrice ; 

20 enlever la premiere couche de produit photo- 

sensible (18) et la partie de la couche d'arret 
de gravure (24) deposee sur la premiere cou- 
che de produit photosensible ; 
former une seconde couche d'oxyde (26) sur la 

25 premiere couche de silicium (16) et la couche 

d'arret de gravure conductrice restante (24) ; et 
graver les premiere et seconde couches de si- 
licium (16, 26) pour exposer une partie de la 
couche d'arret de gravure conductrice a I'inte- 

30 rieur de I'ouverture (20) et pour former une 

structure conductrice contactant la partie expo- 
see (1 0) du substrat a travers la couche d'arret 
de gravure conductrice (24). 

35 2. Procede selon la revendication 1 , comprenant l'6ta- 
pe consistant a former une region d'oxyde de 
champ (12) sur une partie du substrat (10) laissant 
une region active exposee, etdans lequel la couche 
d'oxyde (14) est formee sur la region active, et la 

40 premiere couche de silicium (1 6) est formee sur la 
couche d'oxyde (14) et la region d'oxyde de champ 
(12). 

3. Procede selon la revendication 1 ou 2, dans lequel 
45 chaque couche de silicium est en silicium amorphe. 

4. Procede selon la revendication 1 ou 2, dans lequel 
chaque couche de silicium est en silicium polycris- 
talEin. 

50 

5. Procede selon I'une quelconque des revendications 
precedentes, dans lequel la couche d'arret de gra- 
vure est en siliciure de metal refractaire. 

55 6. Procede selon I'une quelconque des revendications 
1 a 4, dans lequel la couche d'arret de gravure est 
en nitrure de metal refractaire. 
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7. Procede selon la revendication 6, dans lequel le ni- 
trur de metal refractaire est recuit apres I'etape de 
formation d'une couche d'arret de gravur pour for- 
mer un siliciure de metal refractaire. 

8. Procede selon la revendication 7, dans lequel I'eta- 
pe de recuit est realisee par recuit th rmique rapide. 

9. Procede selon la revendication 7 ou 8, dans lequel 
tout nitrure de metal refractaire restant en place 
apres I'etape de recuit est elimine avant I'etape de 
formation d'une couche de silicium sur la couche 
d'arret de gravure. 

10. Procede selon I'unequelconquedesrevendications 
precedentes, dans lequel I'epaisseur de la couche 
d'arret de gravure est comprise entre environ 10 et 
100 nm (100 et 1000 angstroms). 

11 . Procede selon I'une quelconque des revendications 
precedentes, comprenant en outre I'etape consis- 
tant a nettoyer in situ un predepot d'un oxyde natif 
avant I'etape de formation de la couche d'arret de 
gravure. 

12. Procede selon I'une quelconque des revendications 
precedentes, comprenant en outre I'etape consis- 
tant a nettoyer la surface du circuit integre avant 
I'etape de formation de la seconde couche de sili- 
cium. 

13. Procede selon I'une quelconque des revendications 
precedentes, comprenant en outre I'etape consis- 
tant a doper selectivement des parties de la secon- 
de couche de silicium avant de graver la seconde 
couche de silicium. 

14. Procede selon la revendication 2 ou I'une quelcon- 
que des revendications 3 a 13 prises dans la de- 
pendance de cette revendication, dans lequel la 
structure conductrice s'etend a une resistance com- 
portant une partie deposee au-dessus de la region 
d 'oxyde de champ. 

1 5. Procede selon I'une quelconque des revendications 
precedentes, dans lequel la couche d'arret de gra- 
vure conductrice est deposee a une temperature 
suffisamment basse pour que la premiere couche 
de produit photosensible ne flue ni ne se decompo- 
se. 

1 6. Procede selon I'une quelconq ue des revendications 
precedentes, comprenant les etapes consistant a 
doper la partie exposee du substrat avant de former 
une couche d'arret de gravure. 

1 7. Procede selon I'une quelconque des revendications 
precedentes, comprenant I'etape consistant a do- 



per selectivement la second couche d silicium 
avant la gravure de la seconde couche de silicium. 

1 8. Procede selon I'une quelconque des revendications 
5 precedentes, dans lequel la premier couche de si- 
licium et la couche d'arret de gravur recouvrant la 
premier couche de silicium sont enlevees par un 
procede de soulevement de produit photosensible. 

10 19. Procede selon la revendication 2, ou I'une quelcon- 
que des revendications qui en dependent, compre- 
nant en outre une grille disposee au-dessus de la 
couche d'oxyde. 

15 
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(g) Method of forming a polysilicon buried contact 

(57) A method is provided for forming a polysili- 
con buried contact of an integrated circuit, and 
an integrated circuit formed according to the 
same. A field oxide region is formed over a 
portion of a substrate leaving an exposed active 
region. An oxide layer is formed over the active 
region. A first photoresist layer is formed and 
patterned over the first silicon layer. The first 
silicon layer is then etched to form an opening 
therethrough to expose a portion of the oxide 
layer. The oxide layer is etched through the 
opening to expose a portion of the substrate, a 
conductive etch stop layer is formed over the 
exposed portion of the substrate and the first 
photoresist layer. The first photoresist layer and 
the etch stop layer overlying the first photores- 
ist layer are then removed. A second silicon 
layer is formed over the first silicon layer and 
the remaining etch stop layer. A second photo- 
resist layer is formed and patterned over the 
second silicon layer. The first and second sili- 
con layers are then etched to form a conductive 
structure contacting the exposed portion of the 
substrate through the etch stop layer. 
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(54) Method of forming a polysilicon buried contact 

(57) A method is provided for forming a polysili- 
con buried contact of an integrated circuit, and 
an integrated circuit formed according to the 
same. A field oxide region is formed over a 
portion of a substrate leaving an exposed active 
region. An oxide layer is formed over the active 
region. A first photoresist layer is formed and 
patterned over the first silicon layer. The first 
silicon layer is then etched to form an opening 
therethrough to expose a portion of the oxide 
layer. The oxide layer is etched through the 
opening to expose a portion of the substrate, a 
conductive etch stop layer is formed over the 
exposed portion of the substrate and the first 
photoresist layer. The first photoresist layer and 
the etch stop layer overlying the first photores- 
ist layer are then removed. A second silicon 
layer is formed over the first silicon layer and 
the remaining etch stop layer. A second photo- 
resist layer is formed and patterned over the 
second silicon layer. The first and second sili- 
con layers are then etched to form a conductive 
structure contacting the exposed portion of the 
substrate through the etch stop layer. 
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Th present invention relates generally to semi- 
conductor integrated circuit processing, and mor 
sp cifically to forming a p lysilicon buried contact 

Tocreat a transistor, a polysilicon layer isd pos- 
ited on top of a thin oxide layer. To form a resistor, a 
polysilicon layer is deposited on a f i Id oxide lay r. 
Both of these semiconductor devices may be made 
from the same polysilicon layer during the same proc- 
ess steps. The polysDicon layer, however, must be 
electrically isolated from the silicon substrate in order 
for these devices to operate. A buried contact may 
also be made from the same polysilicon layer as the 
gate electrode of a transistor and a resistor. The bur- 
ied contact, however, requires an electrical connec- 
tion between the polysilicon layer and the silicon sub- 
strate, generally where polysilicon and diffusion wires 
interconnect 

In the case of the buried contact, an opening is 
made in the oxide layer overlying the silicon substrate 
to expose a portion of the silicon. If a split polysilicon 
layer, or two polysilicon layers, are used to form the 
gate electrodes and resistors, the second polysilicon 
layer may be used to form the buried contacts. 

The split polysilicon process is generally used in 
SRAM applications. After the formation of a field ox- 
ide layer in the case of a resistor or diode, and a gate 
oxide layer in the case of a gate electrode, the first 
amorphous or polysilicon layer is deposited. The bur- 
ied contact openings to the silicon substrate are pat- 
terned, etched and doped, if necessary. The second 
amorphous or polysilicon layer is then deposited, pat- 
terned and etched to form the upper portion of the 
split polysilicon of the gate electrodes and resistors as 
well as the buried contact in the contact opening 
which connects directly to the silicon substrate. 

During the gate electrode and resistor split poly- 
silicon etch, both amorphous silicon or polysilicon lay- 
ers are etched over the gate oxide and field oxide re- 
gions. With the buried contact, however, since the 
second amorphous or polysilicon layer forms the con- 
tact only the second layer is etched during the etch 
step since the first layer has been removed previous- 
ly. The thickness of the second polysilicon layer is ob- 
viously less than the thickness of the total split poly- 
silicon stack forming the gate electrodes or resistors 
from the first and second polysilicon layers. In other 
words, the distance to etch the second polysilicon lay- 
er from the top of the resistors to the substrate is sub- 
stantially less than the distance to etch the layer from 
the top of the gate electrode or resistor to the gate ox- 
ide or the field oxide.. 

At the location of the buried contact there is no 
natural etch stop at the surface of the substrate such 
as oxide. In order to completely dry etch the gate elec- 
trodes and resistors, an overetching situation occurs 
while etching the buried contact due to the lesser 
height of polysilicon over the buried contact in r lation 
toth h ight of the gates and resistors. This ov retch- 



ing condition results in an undesirabl trenching of th 
silicon substrat . The depth of th tr nch is a function 
of the relative thickness s f the first and second split 
polysilicon layers, as w II as the surface top graphy. 

5 These factors dictate the amount of overetch required 
to clear the polysilic n away from th edg of the ac- 
tive areas around the gate and resistor devices. 

In order to prevent the trenches from forming in 
the substrate during the dry etch process of the sec- 

10 ond split polysilicon layer, the present invention uses 
an etch stop layerdisposed over the silicon substrate. 
This additional layer will act as an etch stop in any 
subsequent polysilicon etch to prevent trenching the 
silicon substrate around the buried contact area. This 

is layer will also improve the contact resistance between 
the buried contact and the substrate. 

The invention may be incorporated into a method 
for forming a semiconductor device structure, and the 
semiconductor device structure formed thereby, by 

20 forming a buried contact. To form the buried contact, 
an oxide layer is formed over a substrate. A first sili- 
con layer may be formed over the oxide layer at this 
stage. An opening through the first silicon layer and 
the oxide layer is formed exposing a portion of the un- 

25 derlying substrate. A conductive etch stop layer is 
then formed over the exposed substrate. A second sil- 
icon layer is formed over the first silicon layer and the 
etch stop layer. A portion of the first and second sili- 
con layers is then etched to form a conductive struc- 

30 hire contacting the exposed portion of the substrate 
through the etch stop layer. 

The novel features believed characteristic of the 
invention are set forth in the appended claims. The in- 
vention itself, however, as well as a preferred mode 

35 of use, and further objects and advantages thereof, 
will best be understood by reference to the following 
detailed description of illustrative embodiments when 
read in conjunction with the accompanying drawings, 
wherein: 

40 Figures 1-4 and 6 are cross-sectional views of 

the fabrication of a semiconductor device structure 
according to the present invention. 

Figure 5 is a top plan view of a portion of a sem- 
iconductor device structure according to the present 

45 invention. 

The process steps and structures described be- 
low do not form a complete process flow for manufac- 
turing integrated circuits. The present invention can 
be practiced in conjunction with integrated circuit fab- 

50 rication techniques currently used in the art, and only 
so much of the commonly practiced process steps are 
included as are necessary for an understanding of the 
present invention. The figures representing cross- 
sections of portions of an integrated circuit during fab- 

55 rication are not drawn to scale, but instead are drawn 
so as to illustrate the important features of the inven- 
tion. 

Referring to Figur 1 , an integrated circuit device 
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is to be formed in a silicon substrate 10. Afield oxide 
lay r 12 is formed v r a portion of the substrate 10 
by m thods known in th art leaving an active region 
exposed. An oxide lay M4isth n formed over the ex- 
posed active regi n which is a portion of the substrate 
10n tcov red by the fi Id xide 12. A first silicon lay- 
er 18 is deposited over the oxide layer 14 and the field 
oxide layer 12. The first silicon layer may be amor- 
phous silicon or polysilicon. Photoresist layer 18 is 
then formed and patterned, as known in the art, over 
the first silicon layer 16. 

Referring to Figure 2, the first silicon layer 16 is 
etched to form an opening 20 to expose a portion of 
the oxide layer 14. The oxide layer 14 is then etched 
in the opening 20 to expose a portion of the substrate 
10. At this stage, the substrate 10 may be doped 
through opening 20 to form an active layer 22 which 
is oppositely doped from the underlying substrate 10. 
Depending upon the nature of the doping material 
used, the dopant may also penetrate the amorphous 
or polysilicon layer 16 along each sidewall in opening 
20. Before any subsequent deposition steps, an in-si- 
tu predeposition cleaning of any native oxide may 
need to be performed. 

A conductive etch stop layer 24, such as a refrac- 
tory metal silicide, is deposited over the first photore- 
sist layer 18 and the exposed portion of substrate 10 
in opening 20 by methods known in the art The thick- 
ness of the etch stop layer will be typically between 
approximately 100 and 1000 angstroms. The etch 
stop layer is deposited at a temperature which is low 
enough so that the first photoresist layer 18 does not 
flow or decompose. The actual temperature for de- 
position of the conductive etch stop layer will depend 
upon the chemical structure of the photoresist 

The conductive etch stop layer 24 may also be a 
refractory metal, refractory metal nitride or a compo- 
site layer such as a refractory metal/refractory metal 
nitride, refractory metal/refractory metal silicide or re- 
fractory metal nitride/refractory metal silicide. The 
conductive etch stop layer will act as an etch stop for 
subsequent etching processes as well as to reduce 
contact resistance. If a refractory metal or refractory 
metal nitride, for example, is used, the etch stop layer 
is annealed after the deposition process. Annealing, 
by rapid thermal annealing, will form a metal silicide 
in the interface between the substrate 10 and the con- 
ductive etch stop layer 24. Any refractory metal or re- 
fractory metal nitride remaining after the anneal step 
may be removed to clean the surface of the etch stop 
layer. 

Referring to Figure 3, the first photoresist layer 
1 8 is removed using a lift-off process as known in the 
art During the lift-off process, the first photoresist 
layer 18 and the portion of the etch stop layer 24 cov- 
ering the first photoresist layer 18 are removed. 

A second silicon layer 26 is next deposited over 
th first silicon layer 16 and the remaining conductiv 



etch stop layer 24 by methods known in the art Layer 
26 may be compris d of amorphous silicon r polysi- 
licon. A second photoresist lay r 28 is formed and pat- 
terned over the second polysilicon layer 26 as kn wn 

5 in th art At this stage, the second p lysilicon layer 
26 may be s I ctively d ped by kn wn m thods to 
achieve the doping level required for the various de- 
vices to be made from this layer. 

Referring to Figure 4, the first and second silicon 

10 layers 1 6 and 26 are then etched to form a conductive 
structure which contacts the exposed portion of the 
substrate 10 through the conductive etch stop layer 
24. Lightly doped source/drain (LDD) regions 32 are 
formed in substrate 1 0. Oxide sidewall spacers 34 are 

f 5 then formed on the sidewalls of the first and second 
silicon layers 16 and 26. A heavily doped source/drain 
region 36 is then formed by methods known in the art. 
As will be shown by the plan view in Figure 5, the first 
and second silicon layers 1 6 and 26 form a resistor 38 

20 and a gate 40. Active layer 22 and the source/drain re- 
gion 36 connect outside the plane of the drawing as 
will be shown in Figure 5. 

Referring to Figure 5, the oxide layer 14 covers 
the substrate 10 not covered by the field oxide 12 ex- 

25 cept for the portion exposed in the opening 20. The 
oxide sidewall spacers 34 surround the resistor 38 
and the gate 40. The conductive etch stop layer 24 is 
shown through the opening 20 and is continuous un- 
der resistor 38. The etch stop layer 24 overlies the 

30 doped active layer 22 (shown in Figure 4) which con- 
nects to the source/drain region 36 underlying the ox- 
ide layer 14. 

Figure 6 is a cross sectional view along the line 
B-B as shown in the plan view of Figure 5. Opening 

35 20 shows the etch stop layer 24 as filling the opening 
20. Source/drain regions 36 underlie the oxide layer 
14 except under the resistor 38 and the gate 40 (not 
shown). The source/drain regions 36 and the active 
layer 22 are both formed in those regions in the open- 

40 ing 20 not covered by the resistor 38. This forms a 
continuous conductive region in the substrate 10, al- 
lowing the resistor 38 to connect to the source/drain 
region 36 of the gate 40. 

As will be understood by those skilled in the art, 

45 oxide layer 14 protects the underlying substrate 10 
during the etching of the gate 40 and resistor 38. How- 
ever, there is no oxide within the opening 20 to protect 
the underlying substrate. The etch stop layer 24 with- 
in the opening 20 protects the underlying substrate 

50 during the etch step which forms gate 40 and resistor 
38. The etch stop layer prevents trenching of the sub- 
strate 10 within the opening 20 which are not covered 
by the resistor 38. As will be appreciated by those skil- 
led in the art prevention of such trenching improves 

55 the quality of the buried contact In addition to prevent- 
ing trenching, the conductive etch stop layer 24 reduc- 
es contact resistance as known in the art. 

Asanalternativ t theabov described two lay- 
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er polysilicon resistor and gat . a single polysilicon 
layer may be used. In such a process, the first poly- 
sflicon layer 1 6 is omitted. All ther process steps ar 
performed as described abov . 

As will be appreciated by those skilled in the art, 
the process steps described above can b used with 
nearly any conventional process flow. While the in- 
vention has been particularly shown and described 
with reference to a preferred embodiment, it will be 
understood by those skilled in the art that various 
changes in form and detail may be made therein with- 
out departing from the spirit and scope of the inven- 
tion. 



Claims 

1. A method of forming a buried contact of an inte- 
grated circuit comprising the steps of. 

forming an oxide layer over a substrate; 

forming an opening through the oxide lay- 
er to expose a portion of the underlying substrate; 

forming a conductive etch stop layer over 
the exposed substrate; 

forming a first silicon layer over the etch 
stop layer; and, 

etching a portion of the first silicon layer to 
form a conductive structure contacting the ex- 
posed portion of the substrate through the etch 
stop layer. 

2. The method of Claim 1 , wherein the thickness of 
the etch stop layer is between approximately 100 
and 1000 angstroms. 

3. The method of Claim 1, further comprising the 
step of: in-situ predeposition cleaning of a native 
oxide before the forming an etch stop layer step. 

4. The method of Claim 1, further comprising the 
step of. forming a second silicon layer over the 
oxide layer before the forming the opening step. 

5. The method of Claim 4, further comprising the 
step of: cleaning the surface of the integrated cir- 
cuit before the forming a second silicon layer 
step. 

6. A method of forming a buried contact of an inte- 
grated circuit comprising the steps of. 

forming a field oxide region over a portion 
of a substrate leaving an exposed active region; 

forming an oxide layer over the active re- 
gion; 

forming a first silicon layer over the oxide 
layer and the field oxide region; 

f rming and patterning a first photoresist 
lay r ov r th first silicon lay r; 



tching the first silicon lay r to form an 
opening therethrough xposing a portion of the 
oxide layer 

tching the xide lay r through the open- 
5 ing exposing a porti n of th substrat ; 

forming a conductive etch stop layer over 
the exposed portion of the substrate and the first 
photoresist layer; 

removing the first photoresist layer and the 
10 etch stop layer disposed over the first photoresist 
layer, 

forming a second sil icon layer over the first 
silicon layer and the remaining etch stop layer; 

forming and patterning a second photore- 
15 sist layer over the second silicon layer; and, 

etching the first and second silicon layers 
to form a conductive structure contacting the ex- 
posed portion of the substrate through the etch 
stop layer. 

20 

7. The method of Claim 1 or 6, wherein the etch stop 
layer is a refractory metal nitride. 

8. The method of Claim 7, wherein the refractory 
25 metal nitride is annealed after the step of forming 

an etch stop layer to form a refractory metal sili- 
cide. 

9. The method of Claim 8, wherein the annealing 
30 step is performed by rapid thermal annealing. 

10. The method of Claim 8, wherein any refractory 
metal nitride remaining after the anneal step, is 
removed before the step of forming a silicon layer 

35 over the etch stop layer. 

11. The method of Claim 6, further comprising the 
step of: selectively doping portions of the second 
silicon layer before etching the second silicon lay- 

40 er step. 

12. The method of Claim 6, wherein the first conduc- 
tive structure is a gate electrode disposed over a 
gate oxide layer and the second conductive struc- 

45 ture is a resistor disposed over a field oxide layer. 

13. The method of Claim 6, wherein the first silicon 
layer and the etch stop layer overlying the first sil- 
icon layer are removed by a photoresist lift-off 

so process. 

14. The method of Claim 6, further comprising the 
step of doping the exposed portion of the sub- 
strate before forming an etch stop layer step. 

55 

15. The method of Claim 6, wherein the conductive 
etch stop layer is deposited at a temperature low 
enough so that the first ph toresist layer do snot 
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flow r decompose. 

16. A structure consisting of a portion of a semicon- 
ductor integrated circuit, comprising: 

a substrat ; s 

a conductive etch stop lay r disposed ov r 
a portion of the substrate; and, 

a conductive silicon element overlying the 
substrate, said element having a first layer over- 
lying a portion of the substrate other than the con- 10 
ductive etch stop layer, and having a second layer 
overlying the first layer and overlying a portion of 
the conductive etch stop layer. 

17. The method of Claim 1 or 6, or the structure of f5 
Claim 15, wherein the etch stop layer is a refrac- 
tory metal silicide. 

18. The method of Claim 1 or 6, or the structure of 
Claim 16, wherein each silicon layer is amor- 20 
phous silicon. 

19. The method of Claim 1 or 6, or the structure of 
Claim 16, wherein each silicon layer is polysili- 
con. 25 
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